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(57) Abstract 

■ The present invention relates to a gas feeding system, and more parlicularty. to a gas feeding system for chemical vapor 
deposition (CVD) reactor capable of improving the uniformity and qualrty of deposited film in the manufarture of semiconductor 
dS The present invention also relate to a method of controlling the same v^ich prevents the waste of reactant source Jhe 
gas feeding ^tem of the present invention preferably comprises a plurality of reactant source '"Pf^TT^f^M^M r2 
connected to the reactor to supply different reactant sources therein discontinuously or sequentaUy. Each reactant source 
supply apparatus includes a pass valve to prevent the waste of non-use reactant sources. 

(57) Abr6ge 

L'invention porte sur un systems tfalimentation en gaz, et en particulier sur un systftme tfalimentation en gaz pour r6acteur de 
chlmio-d6po6ition de vapeurs (CVD) amfliorant runiformlt6 et la qualit* du film tiiposi lots de la fabncafion de ^.sposrt^ s 
•semi-conducteurs, L'lnvertion porte Sgalementsur le proc6d6 de commande dudrt systime empechant le 9^P'"age de la source de 
rlactf Le svsteme d'allmentetion en gaz comporte de pr6f6rence plusieurs appareils distributeurs de sources de r^actfs 
raccordte au r6acteur et ralimentant en non continu ou s6quentiellement. Chacun de ces distributeure comporte un dapet de 
d6rivation emp*chant le gaspillage des sources de r6actif non utilisies. 



PCX 



WOWJ) IKTHiECrUAL PROPERTY 0RGANT2A710N 
totmutonal Buraui 




(51) Inumatioiial Patent Classificatkin ^ : 


A2 


(11) Internidoaal Pubiicttton Number: 


WO OQ/15881 


C30B 


<43) InteniatioDal PubilcatloD Date: 


23 Much 2000 (23J03X0) 



(21) lnt£rn»tiotul Application Number: PCT/KR99''0054l 

(22) Inlcnatfaiiml FQiog DaliK U Sqjtember 1999 (14.09.99) 



(30) Priority Duts: 
1994^37727 



14 SqMember 1998 (14X)9.98} KR 



f7l) Applicant (for cU dtsignaied States except VS): GENITECH 
CO.. LTD. IKItTOl); 1694-5 Shtnil-dong, Taodcok-gu. 
j Taejon 306-230 (KR). 

i (72) Inventor*; and „ ^ „ 

i (75) InvenlorVAppUcaDts (for US only)\ LEE, Kyu-Hong 
[KR'KR); 105-606 Harul Api.. 160>1 Shinsung-dong, 
Yusong-gu. Taejon 30.S-W5 (KR). ICANG. Won-Gu 
fKR/KR); n&-90S Hanbii Apu 99 UheuJHdoog. Yu- 
song-gu. Taeion 305-333 (KR). KANC. Smg-Won 
fKR/KRl; 13V 1506 Hanbii Apt., 99 Uheun-dong. Yu- 
$ong-gu. Taejon 305-333 (KR). 

(74) Agrni: HUH. Jin-Seok; J.S. HUH Patent Office. 206 Sungji 
Duiklmg. 1338-22 Seocho-dor.g, Scocbo-ku. Seoul 
137-C70 ;KR). 



(gl) DesIcDAtcd States IP. US. Eurapean potent (AT, BE. CH. CY« 
DE. DK. ES. Fl, FR. GB. OR. IE, IT, LU. MC. NL. PT, 
SE). 



PnbUshcd 

WUhtui intemaiionel search report and to be n 
upon receipt efshatfiperL 



(W) Title: GAS FEEDING SYJn tM hOR CHEMICAL VAPOR DEPOSmON REACTOR AND METHOD OP CONTROLLING THE 
SAJwIE 

(57) Abstract 

The prMcnt invciuion re- 
lates 10 a gas fcaJing $ynem. and 
more panicularly, to a gas feeding 
system for chemical \-apOT deposi- 
tion (CNT)) reactor capabic of im- 
proving the uniformity and q\]al- 
iiy of ceposited film in the manu- 
facare of semicOTiduaor devices. 
The presem invention also relates 
to a method of controlling the 
same which prevents the waste of 
rc:>ciaiit aouirc. TTk gas feed- 
ing system of the present inven- 
tion preferably comprises a plural- 
ity of reactant source supply appa- 
ratuses, each being connected to 
the reactor to supply diffeftni re- 
actant sources therein diicontmu- 
ously or sequcnDally. Each reac- 
tant source supply apparama in- 
cludes a pass vaUt to prevent the 
waste of Don-uie reacnnt lourccs. 
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GAS FEEDING SYSTEM FOR CHEMICAL VAPOR DEPOSITION 
REACTOR AND METHOD OF CONTROLLING THE SAME 

TECHNICAL FIELD 
The pzesent invexxtion lelates to a gas feeding system, and more particularly, 
to a gas feeding system for chemical vapor deposition (CVD) reactor capable C( 
improving the uniformity and quality of deposited fihn is the mauifacture of 
semiconductor devices. Ihe present invcodon also relates to a meihod of controlling 
the same which prevents the waste of reactant source. 

BACKGROUND ART 

It is often desirable to form films of unifom thickness on a substrate in 
semiconduaor manufacturing. Accordingly, considerable efforts have been made to 
improve both equipment and manufacturing process. 

Recently, many processes for forming a high qualit>* film were developed 
using surface reaction on a semiconductor substrate: processes such as using 
discontinuous supplies of a reactant source on a substrate, atomic layer epitaxy, and 
sequential supplies of a icactant sources on a substrate. The films fonned by the 
above processes have enhanced unifonmty and quality, and minimized impurity 
concentration therein. However, the above processes have a disadvantage of the waste 
of non-use and idling gaseous reactant sources. 

In most conventional processes, one or more types of reactant sources were 
simultaneously and continuously supplied into a reactor, forming a film on a 
semiconductor substrate by the decomposition of reactant sources. Ho^rver. such 
processes also have disadvantages that uniformity in film thickness, film qualit>', and 
impurit)- concentration art considerably affected depending \ipon the flow direction, 
flow velocit>', temperalurc, types of used reactant sources. 

DISCLOSURE OF INVENTION 
Accordingly, it is an object of the present invention to provide a gas feeding 
system for chemical vspor deposition reactor and method of controlling the same 
capable of producing a high quality film v/hta used for such process as using 
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discontinuous or sequential supplies of a reactant sources. 

Il is another object of the present invention to provide a gas feeding system 
for chemical vapor deposition reactor and method of controlling the same capable of 
preventing the waste of non-use and idling gaseous leactant sources when not feeding 
the sources into the reactor. 

In order to accomplish the aforementioned objects, the present invention" 
provides a gas feeding system for chemical vapor deposition reactor having at least 
one reactam source supply apparams, the supply i^paratus each comprising: a mass 
flow controller for controlling the flow rate of a carrier gas which canies a reactant 
source; a reservoir for containing the reactant source, the reservoir having inlet and 
outlet valves for controlling the flow of the carrier gas through the reservoir, a supply 
valve for controlling the mass flow of the reactant source carried by the carrier gas to 
the reactor; an evacuation %-alve disposed between the outlet valve and the supply 
valve, the evacuation valve evacuating 4e carrier gas or the reactant source toward a 
25 , 5 vacuum pump; and a pass valve disposed between the inlet valve and the outlet valve 

so that the carrier gas passing therethrough flows into the reactor or the evacuation 
valve, the pass valve stabihang the carrier gas mass flow controller as well as 
preventing the leakage of the reactant source from the reservoir. 

In the embodiment, the number of the reactant source supply apparams can 
be more than one, the supply apparaniscs respectively having reservoirs containing 
difTercm reactant sources, each of the supply ^aramscs being connected to the 
35 reactor to supply different reactant sources therein in order to deposit complex 

materials such as PZT, BST, or SBT. 

Preferably, the reactant source supply apparatus further comprises a first 
purge gas supply unit disposed between the supply valve and the reactor so as to 
prevent the backward flow of other reactam sources into the source st^ply zppanxus 
upon deposition reaction. More preferably, the first purge gas stipply imit further 
comprises a mass flow controller for controlling the flow of purge gas therethrough to 

45 a constant level. 

30 In addition, the leacumt source supply apparatus further comprises: a second 

purge gas supply unit disposed between the sapp\y vaJve and the reactor so as to 
purge the reactant source residue; and .a purge valve for legulatiiig Ae flow of purge 
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gas therethrough. 

The pitsent invention method is appUcabie to the control of a gas feeding 
system for chemical vapor deposition reactor having at least one reaciant source 
supply apparatus, the supply «9paratus each comprising: a reservoir for containing 
said reactant source, the reservoir having inlet and outlet valves for controlling the 
flow of the carrier gas through the reservoir, an evacuation valve disposed next to tliT 
outlet valve, the evacuation valve evacuating the carrier gas and the reactant source 
« toward a vacuum pump; and a pass valve diqwscd between the inlet valve and the 

outlet valve. 

The control method comprises the step of shutting off the inlet and ouUet 
valves simultaneotisly with opening the pass valve so that the carrier gas passing 
therethrough flows into the reactor or the evacuation valve without the waste of 
reactant source in the reservoir. 

In the cornrol method, preferably, reaciant source residue is removed by 
25 J , floviing tiie carrier gas into the reactor through the open pass valve. Additionally, the 

canier gas is e%acuaied through the evacuation valve to stabilize the reactant source 
supply prior to the supply of reactant sotirce from the reservoir to the reactor. 

The foregoing, and other features and advantages of the invention, will be 
apparent from the follov^ing, more particular, description of the preferred 
20 cmbodimcms of the invention, the accompanying dra^^ings and the appended claims. 

35 BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic view of a gas feeding system in accordance with an 
embodiment of the present invention; 
25 no. 2 is a schematic view of a gas feeding system, having a reactant source 

vaporizer, in accordance with another embodiment of the present invention; and 

FIG. 3 is a schemaiic view of a gas feeding system with a pluraUty of 
reactant source supply apparanises connected to one reactor, in accordance with 
45 another embodiment ofthe present invention. 

Where considered approprime. for brevity sake, reference numerals have 
been repeated among the figures to indicate corresponding elements. 
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BEST MODE FOR CARRYING OUT THE INVENTION 
(Example 1] 

FIG. 1 is a schematic view of a gas feeding system in accordance with an 
embodiment of the present invention. Refisiring to FIG. 1, a mass flow controller 10 
5 for controlling the flow rate of a canier gas to cany a reactam source is connected 
through a leactant source supply tube 12 to a reactor. The carrier gas is preferably m 
inert gas to prevent reaction with the rcactant source. The reactant source in use for 
the film material is contained in a reactant source reservoir 14 connected to the supply 
mbe 12. Between the supply mbe 12 and reservoir 14, an inlet valve 16 and an outlet 
10 valve 1 8 arc disposed to supply the reactant source into the reactor according to the 
flow of the carrier gas. In general, the reactant source contained in the reservoir 14 is 
a solid or liquid phase, but the rcactant source should be vaporized within the 
reservoir 14 or on the supply mbe 12 for the chemical deposition. A supply valve 20 
is disposed between the outlet valve 1 8 and the reactor to regulate the flow of reactant 
15 source supplied into the rcartor through the outlet valve 18. In most prior art 
techniques, the mass flow conuoller 10 is maintained in an *W* state for the 
subsequent process after the completion of reaction because it takes much time to 
stabilize the flow controUer 10. especially when the controller 10 is "on/ofT switcbcd. 
Moreowr. it also takes much time to stabilize the sapply of the reactant source. Id 
20 order to stabilize the reactam source simply by evacuating the reactant source or the 
carrier gas, the gas feeding system of the present invention comprises an evacuation 
valve 22 disposed between the outlet valve 18 and the supply vaWe 20. The 
evacuation valve 22 is connected to a vacuum pump 24. Additionally, a pass valve 26 
for passing the carrier gas therethrough is disposed between the inlet valve 16 and the 
25 outlet valve 1 8 to prevent the waste of the rcactant source. 

In order to prevent the backward flow of other reactant sources into the 
source supply apparatus upon deposition reacUon. a first purge gas supply unit 28 is 
disposed between the supply valve 20 and the reactor, and the first purge gas si^ly 
unit 28 comprises a mass flow controller (not shown) for controlling the flow of 
30 purge gas therethrough to a constant level. Preferably, die purge gas is an inert gas to 
prevent reaction with the reactam source. TTw purge gas may or may not be the same 
as the carrier gas. 
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In addition, in oidcr to purge the reactor of the fcactant source leaduc after 
the 5 upply of the source and before the the simply of another itactant source, a second 
purge gas supply unit for supplying large amount of purge gas is connected to the first 
purge gas supply unit 28. The second purge gas sopply unit comprises a purge valve 
34 for regulating the flow of purge gas therethrough- 

The operation of the above gas supply «y«on wiU now be described. " 
Tht operation can be divided into several sequential steps auch as wpply of 
reactant source, removal of the reactant source residue, standby for leactant source 
supply, and stabilization of the reactant source supply. 

In the step of reactant source supply, the carrier gas passed through the mass 
flow controller 10 is introduced into the reactant source tescrvoir 14 through the inlet 
valve 16. Then, the carrier gas flows via the reactant source supply lube 12 and the 
outlet valve 18. The amount of reactant source supply can be controUed by both the 
flow rate of carrier gas and the temperature of reservoir 14. ThcreaJtcr, the itactant 
source is injected into the reactor through the siipply valve 20, contributing film 
fonnarion. In this step, the pass valve 26, both of the evacuauon valve 22 and the 
purge valve 34 are shut off. and a small amount of purge gas is continuously supplied 
by the to purge gas supply unit 28 to prevent the backward flow of other itactant 

sources torn the reactor. 

In the next step the reactant source residue is removed fiom the xtactor and 
the reactant source supply tube 12. Following two methods can be adopted to itmove 
the reactant source residue. 

In the first method, the purge valve 34 opens to purge the itactant source 

residue. 

In the second method, both of the pass valve 26 and the supply valve 22 arc 
open and the evacuation valve 22 is dosed to deliver a sufficient amount of carrier 
gas to the reactor to purge the reactant source residue. In this step, both of the inlet 
valve 16 and the outlet valve 18 are all shut off to prevent the waste of the reaciant 
souree within the reservoir 14. 

The step of standby for reactant source supply can be eontiolled ^y the 

following two methods. 

In the first method applicable to a long standby time, all valves such as the 



PCT/KR99/00541 

wooonsssi 

inln valve 16. the ouUe. vri^•e 18. tbe supply vdve 20. fte p«s v<dve 26 «-J the 
evacuation valve 22 as weU as the mass flow controller 10 are shut off. 

m the second me4od applicable to a short standby time, the carrier gas is 
directly evacuated to the vacuum pump 24 via both the pass valve 26 ««l Ihc 
J evacuation vaWe 22 wWle the inlet vaNe 16. tbe ouUet valve 18 and the supply vahe^ 

20 aie all closed. 

•me supply stabUiaaion su?) of the reactam source difiBsremly proceeds 
depending upon the standby steps for reactant source t»tpply. 

If all valves are closed in the stabilization step of the reactam source, the 
,0 pass valve 26 and the evacuation valve 22 are first opened to stabilize the mass flow 
controller 10. and then, the inlet and omlet valves 16 and 18 are opened with the 
closing of the pass valve 26 to stabilize the reactant source sun>ly. 

If the mass flow controller 10 is already held at a stabilized state in the 
s««dby step for reactant source supply, both the inlet and outlet valves 16 and 18 
openwiththeclosingofthepassv.lve26tos.abili2ethereactan.somtesupply.-nus 

second stabilization step may or may not necessary depending upon an appbcatron. 
[Example 2] 

FIG. 2 is a schematic view of a gas feeding system, having a reactant source 
20 vaporizer, in accordar.ce ^ith another embodiment of the present invention. Referring 
to FIG 2 the differeni between the example 1 and the example 2 is that a vapon»r 
36 for vaporizing tbe reacumt source is disposed between the reacumt «>u>ce supply 
mbe 12 and the reacumt source reservoir 14. Moreover, a minute Dow pump 38 is 
disposed between the reservoir 14 »ui the v^rizet 36 for the effective control of 
,5 reactant source supply and its vaporization. The vaporizer 36 vaporizes the reacont 
sotrce in liquid phase contained in the reservoir 14 beforehand to supply the reactam 
source into the reactor. The operation of other pam of the gas feeding system « *e 
same as that of the example 1. 

30 [Examples] 

no 3 is a schematic view of a gas feeding system with a phirahty of 
«a«ant source «pply .ppa»«uses connected to one reactor, in ««rdance with 



WO00/l$881 



PCT/KR99A)054I 



another emboduncnt of the prtsem invention. Referring to FIG. 3, two reaciant source 
supply apparatuses B and C, each being the same as described in the example 1. are 
connected to one leacior. Additionally, a reactive gas supply apparams A is connected 
to the reactor via a reactive gas supply lube 40. The flow of gas A to the reaclor is 
regulated by a supply valve 20 disposed on the reactive gas supply tube 40. An 
evacuation valve for evacuating the gas A is indicated with reference numeral 22. " 

As is the same as the examples 1 and 2, each supply apparatus comprises a 
first purge gas supply unit 28 and a mass flow controller (not shown) for the purge 
gas to prevent Ae backward flow of other reactant sources torn the reactor upon 
deposition reaction. Additionally, each supply apparatus comprises a second purge 
gas supply unit for providing a sufficient amount of purge gas to purge the reactant 
source residue, and a purge valve 34 therefor. 

Referring again to TIG. 3, an example of fonning "BACA" Uyers repeatedly 
to a desired thickness wiU be described. The "BACA" unit layer can be formed by 
reacting the gas A wth a thin layer containing the B component and then depositing a 
C component thin layer thereon. Hereinafter, "A'* represents the gas supply apparatus 
A, *'B" represents the reactant source supply spparams B, and "C** represents the 
reactant source supply apparatus C. 

The carrier gas passed through the mass flow conuolier 10 of "B" is 
introduced to the reactant source reservoir 14' via the inlet valve 16. and then, 
delivered to the reactant source supply tube 12 via the outlet valve 18. The reactant 
source B inuoduccd into the reactor. All of the first purge gas supply units 28 
respectively flow small amounts of purge gases through the reactor to prevent the 
backv^-ard flow of the reactant source B into "A" and from the reactor. At that 
lime. "A" and "C" arc held at standby state for reactant source supply as described in 
the example 1 . Hereinafter, any gas v*ich will not be described in each jwocess step 
is held at standby state for reactant source supply. 

After the formation of a thin layer B, the reactant source B residue within the 
ftactor and Ae reactant source supply tube 12 is removed by the removal method 
described in the example I . In the meantime, the gas A is held at a stabilizatiott state. 
Thereafter, the ptt A is introduced to the reactor to react with the thin la^^ 

After the reaction between the gas A and the ihin layer B, .te gas A residue 
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within the naaor and the Teaciam source supply tube 12 is lemoved by the method 
described in the example 1. In the meantime, the rractant source C is held at 
stabilization or stanby state. Hiereaiter, the reactant souxce C is introduced to the 
reactor to form a thin layer C. 

5 Aiter the foxmaiion of the thin layer C. the reactant source C re^due within 

the reactor and the reactant source supply tube 12 is removed by the meihoS' 
described in the exan^>le l.In the meantime, the gas A is held at stabilization state. 
Thereafter, the gas A is introduced to the reactor to react with the thin layer C. 

After the reaaion between the gas A and the thin layer C, the gas A residue 

10 within the reactor and the reactant source supply tube 12 is removed by the method 
described in the example 1. In the meantime, the reactant source B is held at 
stabilization or stanby state. Thaeafter. the reactant source C is introduced to the 
reactor to form a thin layer C. 

The above process steps of forming a thin layer and removal of residue are 

1 5 repeated to form a film comprised of sequentially deposited "BACA** layers. 

In the exemplary embodiments of the present invention, the pass valve 26 is 
used to stabilize the mass flow controller, which significantiy reduces Ac 
consumption of reactant sources. Moreover, the carrier gas passed through the mass 
flow controller 10 can be used to purge the reactant sources instead of the purge gas. 

20 As another ^plication of the present invention, a film can be formed by 

supplying reactant sources discontinuously as follows. For example, the reactant 
source B and the gas A are first simultaneously introduced to the reactor and then 
removed for a predetermined period of time. Next, the reactant source C and the gas 
A are simultaneously introduced to the reactor and then removed for a predetermined 

25 period of time. The above two process steps are sequentially repealed to form a fihn 
of a desired thickness. 
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WHAT IS CLAIMED IS: 

1. A gas feeding sysicm for chemical vapor deposition reactor having at least one 
itactant source supply ^jparatus, said supply apparatus each cooipriaing: 
5 a mass flow controller for comroUing the flow rate of a carrier gas which carries a 
reactant source: 

a reservoir for containing said reactant source, said reservoir having inlet and outlet 
valves for controlling the flow of said carrier gas through said reservoir, 
a supply valve for controlling the mass flow of said reactant source carried by said 
1 0 carrier gas to said reactor. 

an c\-acuaiion valve disposed between said omlet valve and said supply valve, stod 
evacuation valve evacuating said carrier gas or said reactant source toward a vacuum 
pump; and 

a pass valve disposed between said inlet valve and said outlet valve so that the carrier 
15 gas passing therethrough flows into said reactor or said evacuation valve, said pass 
valve stabilizing said carrier gas mass flow controller as weU as preventing the 
leakage of said reactant source from said reservoir. 

2. The gas feeding s>'stcm of claim 1. wherein the number of said reactant source 
20 supply apparanis is at least two. said supply apparawses respectively having 

reservoirs containing different reactant sources, each of said supply apparanises being 
connected to said reactor to supply different reactant sources therein. 

3. The gas feeding system of claim 1, further comprising a first purge gas supply unit 
disposed between said supply valve and said reactor so as to prevent the backward 
flow of other reactant sources into the gas feeding system upon deposition reaction. 



25 



4. The gas feeding system of clahn 3, vdierein said first purge gas supply unit fimher 
comprises a mass flow controller for controlling the flow of purge gas therethrough to 
30 a coristant level. 



5, The gas feeding system of claim 1, further compriamg: 
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a second purge gas wxpply unit disposed between said fopply valve and said reactor 
so as to purge the reactant source residue; and 
a purge valve for regulating the flow of purge gas therethrough. 

6. The gas feeding system of claim 3, fbitfaer comprising: 

a second purge gas st^P^y ^ disposed between said supply valve and said leacttT 
so as to purge the reactant source residue; and 
a purge valve for regulating the flow of purge gas therethrough. 

7. A method of controlUag a gas feeding system for chemical vapor deposition reactor 
having at least one reactant source supply apparatus, said sqjply apparatus each 
comprising: a reservoir for conuuning said reactant source, said reservoir having inlet 
and outlet valves for controlling the flow of said carrier gas through said reseivoir, an 
evacuation valve disposed next to said ouUet valve, said evacuation valve evacuating 

15 said carrier gas and said reactant source toward a vacuum pun^; and a pass valve 
disposed between said inlet valve and said outlet valve, the controlling method 
comprising the step of shutting off said inlet and outlet valves sirauhaneously with 
opening said pass valve so that the carrier gas passing theretfirough flows into said 
reactor or said evacuation valve without the waste of teactanl source in said reservoir. 
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8. The method of claim 7. wherein reactant source residue is removed by flowing said 
carrier gas into said reactor through the open pass valve. 

9. The method of claim 7, wherein, prior to the supply of reactant source from said 
25 rescrN oir to said reactor, said carrier gas is evacuated through said evacuation valve to 

stabilize said reactant source supply. 
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